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Halo	  CMEs	  are	  CMEs	  that	  appear	  to	  surround	  the	  occul6ng	  disk	  of	  the	  coronagraph.	  
The	  CME	  can	  originate	  from	  the	  front	  or	  back	  side	  of	  the	  Sun,	  and	  therefore	  are	  
travelling	  either	  towards	  or	  away	  from	  the	  observer.	  

Here	  is	  an	  example	  of	  a	  halo	  CME	  in	  SOHO	  LASCO	  C3,	  direct	  image	  on	  the	  leI,	  
difference	  image	  on	  the	  right.	  	  The	  difference	  image	  was	  created	  by	  subtracted	  the	  
previous	  frame	  from	  the	  current	  frame.	  	  Some	  differences	  are	  subtracted	  from	  a	  
“base”	  frame	  a	  few	  hours	  prior	  to	  the	  event.	  

Due	  to	  scaNering	  and	  projec6on,	  the	  CME	  sides	  or	  flanks	  are	  detected	  in	  these	  
images,	  not	  the	  leading	  edge	  (nose)	  of	  the	  CME.	  
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With	  coronagraph	  data	  you	  can	  measure	  the	  leading	  of	  the	  CME	  at	  different	  6mes.	  	  
From	  this	  you	  can	  determine	  the	  “plane-‐of-‐sky”	  speed	  by	  measuring	  the	  posi6on	  of	  
the	  leading	  edge	  of	  the	  CME	  at	  two	  6mes.	  	  By	  using	  coronagraphs	  on	  various	  
spacecraI,	  you	  can	  get	  a	  measurements	  of	  this	  projected	  speed	  from	  various	  angles.	  

Here	  are	  coronagraph	  images	  from	  STEREO	  Ahead	  COR2,	  at	  two	  different	  6mes.	  	  You	  
can	  the	  leading	  edge	  has	  been	  marked	  in	  each	  image.	  	  By	  knowing	  the	  height	  of	  the	  
CME	  leading	  edge	  at	  two	  6mes,	  the	  speed	  in	  the	  plane	  of	  the	  image	  can	  be	  
determined.	  

6	  



7	  



CME	  source	  loca6ons/EUV	  lower	  coronal	  signatures	  of	  CMEs	  
*	  CMEs	  can	  originate	  from	  ac6ve	  regions	  and/or	  from	  filament	  erup6ons.	  	  	  
*	  Some	  CMEs	  are	  associated	  with	  flares.	  	  	  	  
• EUV	  signatures	  include	  post	  erup6on	  arcades,	  rising	  loops,	  coronal	  dimming,	  and	  prominence	  
erup6ons	  (click	  for	  example	  movies).	  

Important!	  	  Always	  determine	  the	  source	  loca;on	  of	  every	  CME	  you	  analyze.	  
This	  can	  help	  you	  decide	  which	  coronagraph	  combina;ons	  to	  choose,	  and	  assess	  the	  accuracy	  of	  the	  CME	  
parameters	  you	  obtain.	  
Sun	  Primer:	  Why	  NASA	  Scien1sts	  Observe	  the	  Sun	  in	  Different	  Wavelengths	  

EUV	  lower	  coronal	  signatures	  of	  CMEs	  movies	  
post	  erup6on	  arcadehNp://cdaw.gsfc.nasa.gov/movie/make_javamovie.php?
img1=sta_e195&img2=sta_cor2&s6me=20130526_1500&e6me=20130527_0000	  
prominence	  erup6ons	  	  	  hNp://go.nasa.gov/19Dni3v	  
hNp://cdaw.gsfc.nasa.gov/movie/make_javamovie.php?
img1=lasc2rdf&img2=sdo_a304&s6me=20130430_2200&e6me=20130501_0800	  
filament	  erup6ons	  	  	  	  	  	  hNp://go.nasa.gov/12qcWDO	  
hNp://www.lmsal.com/hek/gallery/podimages/2013/06/01/
pod_malanushenko_anna_2013-‐06-‐01T02:24:03.851/
anny_AIA-‐304_20130531T113203-‐20130531T185203_120s_made_20130601T022253_720p.mpg	  
coronal	  dimmingshNp://www.lmsal.com/hek/gallery/podimages/2013/06/01/
pod_malanushenko_anna_2013-‐06-‐01T00:52:07.870/
anny_AIA-‐211_20130531T094003-‐20130531T145203_120s_made_20130601T005102_720p.mpg	  
hNp://cdaw.gsfc.nasa.gov/movie/make_javamovie.php?
img1=stb_cor2&img2=stb_e195&s6me=20120527_0300&e6me=20120527_1600	  
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Use	  there	  STEREO	  website	  orbit	  tool	  (hNp://stereo-‐ssc.nascom.nasa.gov/
where.shtml)	  to	  find	  the	  HEEQ	  coordinates	  of	  the	  STEREO	  spacecraI	  and	  see	  a	  graph.	  	  	  
This	  will	  help	  you	  determine	  which	  quadrants	  the	  CME	  longitude	  could	  be	  in	  just	  by	  
looking	  at	  the	  geometry.	  

HEEQ	  coordinates	  is	  defined	  as:	  
X=intersec6on	  between	  solar	  equator	  and	  solar	  central	  meridian	  as	  seen	  from	  Earth	  
Z=	  North	  Pole	  of	  the	  solar	  rota6on	  axis.	  

Earth	  is	  at	  0	  degrees	  long6ude	  in	  this	  coordinate	  system.	  	  	  Longitude	  is	  measure	  from	  
0	  to	  180	  degrees	  counterclockwise	  and	  0	  to	  -‐180	  degrees	  clockwise.	  

For	  example,	  on	  this	  date	  (14	  May	  2013)	  STEREO	  A	  is	  at	  136	  degrees	  longitude.	  A	  CME	  
seen	  going	  to	  the	  right	  (west)	  in	  a	  SOHO	  LASCO	  image	  which	  is	  seen	  going	  to	  the	  leI	  
(east)	  in	  a	  STEREO	  COR2A	  image,	  must	  have	  a	  longitude	  between	  these	  two	  
spacecraI,	  so	  between	  0	  and	  136	  longitude.	  	  If	  this	  CME	  is	  also	  observed	  by	  STEREO	  
COR2B	  as	  moving	  to	  the	  leI	  (east),	  this	  further	  constrains	  the	  longitude	  to	  be	  the	  
eastern	  side	  of	  STEREO	  B’s	  view.	  	  STEREO	  B	  is	  at	  -‐141	  degrees	  longitude	  on	  this	  date,	  
so	  the	  eastern	  quadrant	  is	  between	  39	  degrees	  and	  -‐141	  degrees.	  	  	  So	  purng	  this	  all	  
together,	  the	  CME	  longitude	  must	  be	  between	  39	  and	  136	  degrees	  longitude.	  

Example	  2:	  (On	  this	  date)	  if	  you	  view	  a	  full	  symmetric	  halo	  in	  SOHO	  LASCO	  and	  the	  
source	  loca6on	  is	  on	  the	  backside	  of	  the	  Sun,	  the	  longitude	  is	  likely	  near	  180	  degrees.	  	  
If	  you	  view	  a	  full	  symmetric	  halo	  in	  STEREO	  A,	  but	  the	  source	  is	  on	  the	  front	  side	  of	  
the	  sun	  (visible	  in	  SDO),	  the	  the	  longitude	  is	  likely	  near	  the	  opposite	  of	  STEREO	  A	  
(located	  at	  136	  deg),	  so	  about	  -‐44	  degrees.	  
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Very	  important!	  	  	  The	  main	  assump6on	  of	  geometric	  triangula6on	  is	  that	  you	  are	  
measuring	  the	  same	  feature	  (assump6on)	  in	  two	  coronagraphs	  and	  using	  simple	  
geometric	  rela6ons	  to	  derive	  CME	  posi6on	  and	  speed.	  	  	  But	  remember	  observa6ons	  
are	  integrated	  line-‐of	  sight	  informa6on	  through	  a	  3D	  structure	  –	  projec6on	  effects,	  
and	  scaNering	  amplitudes	  impact	  the	  feature	  being	  measured!	  	  	  	  
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CME	  analysis	  Procedure	  
*	   Iden6fy	   the	   CME	   and	   the	   start	   6me.	   	   (The	   CME	   start	   6me	   is	   the	   6me	   it	   is	   first	  
observed	  by	  any	  of	  the	  four	  coronagraphs)	  
*	   Observe	   all	   available	   coronagraph	   images	   in	   mo6on.	   	   Look	   for	   the	   same	   CME	  
leading	  edge	  feature	  in	  various	  spacecraI.	  
*	   Look	   at	   EUV	   images	   in	  mo6on	   near	   the	   CME	   start	   6me	   and	   iden6fy	   the	   source	  
loca6on	   and	   any	   lower	   coronal	   signatures	   (post	   erup6on	   arcade,	   dimming,	   rising	  
loops,	  filament	  erup6on).	  
Go	  to	  StereoCAT:	  hNp://ccmc.gsfc.nasa.gov/analysis/stereo/	  
*	   Select	   two	   overlapping	   6mes	   for	   each	   spacecraI	   pair	   available.	   Times	   should	   be	  
around	   45-‐75	  minutes	   apart,	   and	   try	   to	   choose	   6mes	   just	   before	   the	   CME	   leading	  
edge	  has	   leI	   the	  field	   of	   view.	   	   It	   is	   useful	   to	   refer	   back	   to	   the	  CME	  movies	  while	  
selec6ng	  images.	  
*	   Perform	   plane	   of	   sky	   measurements	   CME	   leading	   edge	   and	   obtain	   triangula6on	  
results	   if	   appropriate.	   	   Determine	   final	   CME	   parameters	   (radial	   speed,	   half	   width,	  
longitude,	  la6tude,	  and	  6me	  at	  21.5	  Rs	  (solar	  radii)).	  
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Oct	  5,	  2013	  CME	  

hNp://ccmc.gsfc.nasa.gov/analysis/stereo/?
s=iswa.ccmc.gsfc.nasa.gov&v=3&c=_2__t_t_OJNbhwI_OJNpIZO_0_1rLi_0_2Vvq_0_1r
Li_0_-‐M1a_0_-‐V86_0_-‐
M1a__5_UY_WC_5rFM_3nb_5rFM_4s9_5rFM_2d6_UY_WC_8Urj_3nb_8Urj_4s9_8U
rj_2d6_V0_V0_7WDA_5tI_7WDA_lR_7WDA_4kr_V0_V0_AIe7_5tI_AIe7_lR_AIe7_4kr
_t____t_t_OJNbhwI_OJNpIZO_0_1rLi_0_2Vvq_0_1rLi_0_-‐M1a_0_-‐V86_0_-‐
M1a__5_UY_WC_5kJH_3oP_5kJH_4uB_5kJH_2d6_UY_WC_8Sw1_3oP_8Sw1_4uB_8S
w1_2d6_V0_V0_78xa_61Q_78xa_h3_78xa_5Ac_V0_V0_AK9F_61Q_AK9F_h3_AK9F_
5Ac_t___0_0_0_-‐-‐__t_t_OJNbhwI_OJNpIZO_0_1rLi_0_2Vvq_0_1rLi_0_-‐M1a_0_-‐
V86_0_-‐M1a__5_-‐-‐___2__t_	  
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hNp://space-‐env.esa.int/ECSS/ecss_10_04.html	  

The	  European	  Co-‐opera6on	  for	  Space	  Standardiza6on	  

hNp://www.spaceweather.eu/sl/model_access_interface	  
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